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REMARKS 

The Office Action dated October 6, 2004 presents the 
examination of claims 1-2, 4-7, 9, 13, and 15. Claim 2 is amended. 
No new matter is inserted into the application. 

In view of the following remarks, Applicants respectfully 
request that the Examiner withdraw all rejections and allow the 
currently pending claims. 

Request for Interview 

If, for any reason, the instant Reply does not place the 
present application into condition for allowance, the Examiner is 
respectfully requested to contact the undersigned at the telephone 
number below, to conduct an interview in an effort to expedite 
prosecution, preferably before the issuance of any further Office 
Action (s) . 

Reguest for Initialed Form PTO-1449 

In reviewing the application file, the undersigned has noted 
that the appropriate initialed Forms PTO-1449 in response to the 
Information Disclosure Statements (IDS) filed on May 30, 2001 and 
October 8, 2004 have not been received by Applicant. The Examiner 
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is therefore requested to return a copy of the initialed Forms PTO- 
1449 to the undersigned as soon as possible. 

Rejection under 35 U.S.C. § 112, Second Paragraph 

The Examiner maintains the rejection of claims 2, 4-7 , 9, and 
13, and newly rejects claim 15 under 35 U.S.C. § 112, second 
paragraph for allegedly being indefinite. Applicants respectfully 
traverse. Reconsideration of the claims and withdrawal of the 
instant rejection are respectfully requested. 

The Examiner asserts that the language "can specifically bind 
to and catalyze" and "bound and catalyzed" recited in claim 2 is 
unclear. Considering that the "bind and catalyze" language was 
actually suggested by the Examiner during the interview held on 
October 15, 2003, Applicants respectfully disagree. In any event, 
in order to overcome the rejection and place the present application 
into condition for allowance, claim 2 is amended to recite the term 
"bind" or "bound." Applicants respectfully submit that this 
amendment is sufficient to particularly point out and distinctly 
claim the present invention, given that the function of vir proteins 
was well known in the art at the time of filing of the present 
application. See, for example, pages 1 and 2 of the specification. 
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For these reasons, Applicants respectfully submit that the 
pending claims fully comply with the provisions of 35 U.S.C. § 112, 
second paragraph. Withdrawal of the instant rejection is therefore 
respectfully requested. 

Rejection under 35 U.S.C. § 102(b) 

The Examiner maintains the rejection of claims 1-2, 4-7, 9, 
and 13, and newly rejects claim 15 under 35 U.S.C. § 102(b) for 
allegedly being anticipated by Gartland et al. (Methods in 
Molecular Biology, 44:15-28 (1995)). Applicants respectfully 
traverse. Reconsideration of the claims and withdrawal of the 
instant rejection are respectfully requested. 

The Examiner asserts that Gartland et al. discloses a vector 
for Agrobacterium-based plant transformation having a T-DNA left 
border region that contains at least two left border sequences. 
The Examiner further asserts that there is no proof showing that 
the non-T-DNA segment is introduced into the plant genome by 
transformation using this vector. Consequently, the Examiner 
asserts that the present invention and the invention described in 
Gartland et al. are indistinguishable. Applicants respectfully 
disagree and submit the Examiner' s assertions are incorrect for at 
least the following reasons. 
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First, contrary to the Examiner's remarks, Gartland et al. 
fails to disclose a vector wherein the T-DNA left border region 
comprises at least two (2) T-DNA left border sequences. Applicants 
acknowledge that the vector pRiA4b described in Gartland et al . has 
two T-DNA left border sequences as a whole. However, the pRiA4b 
vector actually has two T-DNAs, each of which has only one left 
border sequence in each of their respective T-DNA left border 
regions. In other words, each T-DNA has one T-DNA left border 
region having, in turn, only one T-DNA left border sequence. In 
contrast, a vector of the present invention has at least two T-DNA 
left border sequences in a single T-DNA left border region. This 
feature of the present invention is recited in the instant claims. 
As such, Gartland et al. fails to disclose a vector for the 
Agrojbacteriu/n-mediated plant transformation, comprising a T-DNA 
left border region comprising at least two T-DNA left border 
sequences . 

As pointed out by the Examiner, the pRiA4b vector contains a 

region designated as "TL-DNA." Gartland et al. refers to this TL- 

DNA region as a "left T-DNA region." However, TL-DNA (or "left T- 

DNA region") is not equivalent to the "T-DNA left border region" of 

the present invention. Rather, the "left T-DNA region" of pRiA4b 

merely indicates a region in which Transfer-DNA (T-DNA) exists 
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located at the left hand side of the vector. (Similarly, it should 
be noted that when a vector contains only one T-DNA, Gartland et 
al. describes it with the phrase "single T-DNA region" (see Fig. 
1(A) of Gartland et al.). 

On the other hand, a "T-DNA left border region" of the present 
invention represents a border region located between T-DNA and a 
flanking sequence downstream of the T-DNA. Gartland et al. 
describes in Fig. 1(B) that pRiA4b contains two (2) Transf er-DNAs, 
which he designates TL-DNA (the "left T-DNA region") and TR-DNA 
(the "right T-DNA region"), and a T-DNA left border region 
containing only one T-DNA left border sequence (shown by arrowhead) 
located downstream (i.e., to the left hand side) of each T-DNA. 

Further, although Fig. 1(B) of Gartland et al. appears to show 
that TL-DNA and TR-DNA are in contact, TL-DNA and TR-DNA are 
actually separated by at least 15kb of DNA which is not transferred 
into the plant genome. Cf . , F.F. White et al., Journal of 
Bacteriology , 33-44, 1985, abstract (attached hereto) . 
Incidentally, the length of TL-DNA and TR-DNA is 15-20 kb. 

Finally, the Examiner asserts that the method of Gartland et 

al. shows no evidence of integration of any non-T-DNA segment into 

the plant chromosome. However, Gartland et al . does not confirm 

whether non-T-DNA segment is integrated into the plant chromosome 
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by use of their method. Thus, Gartland et al. does not disclose or 
suggest any means to reduce non-T-DNA segment integration. On the 
other hand, the present invention provides a method for 
Agrojbacteriu/]7-mediated plant transformation wherein the integration 
frequency of a non-T-DNA segment into a plant chromosome is 
reduced, when compared with a vector comprising a T-DNA left border 
region consisting of a single T-DNA left border sequence. 
Therefore, the novelty of the present invention is not destroyed by 
the disclosure of Gartland et al. 

For all of the above reasons, Gartland et al. fails to 
anticipate the present invention as claimed under 35 U.S.C. § 
102(b). Withdrawal of the instant rejection is therefore 
respectfully requested . 

Conclusion 

Applicants respectfully submit that the above remarks and/or 
amendments fully address and overcome the outstanding rejections 
and objections. For the foregoing reasons, Applicants respectfully 
request the Examiner to withdraw all of the outstanding rejections 
and objections, and to issue a Notice of Allowance indicating the 
patentability of the present claims. Early and favorable action of 
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the merits of the present application is thereby respectfully 
requested . 

Pursuant to 37 C.F.R. §§ 1.17 and 1.136(a), Applicant (s) 
respectfully petition (s) for a three (3) month extension of time 
for filing a reply in connection with the present application, and 
the required fee of $1020.00 is attached to the Notice of Appeal, 
which is being filed concurrently herewith. 

If necessary, the Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional fees 
required under 37 C.F.R. §§ 1.16 or 1.17; particularly, extension of 
time fees. 



Respectfully submitted, 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 




(703) 205-8000 



Attachment: F.F. White et al . , Journal of Bacteriology, 33-44, 
1985. 
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Tbe T-DNA regions of the root-inducing (Ri) ptaunid pRiA4b of Agrobaderium rkkageius were character* 
teed. Two regions, designated T L «DNA and Tr-DNA, were Pound to be Integrated and stably maintained in the 
plant genome* The T L -DNA spanned a 15- U> 20-kllobase region of pRiA4b and was separated from the 
T R -DNA region by at least IS kttobasei of nonintegrated plasmid DNA. The T K -DNA region also spanned a 15- 
to 2<Mdlobase region of pJUA4b and included a region of homology to the fan morphogenic kid of the 
tumor-udndng (Ti) plasmid of Agroba&rium tumefidens* Eighteen deletions and 95 transposon Insertions 
were generated In the T-DNA regions and tested for alterations In virulence. Insertion into four tod In the 
T L *DNA affected tbe morphology of root formation otKalanchoi dktgrtmoatiiaa leaves and stems, but had no 
visible effects on other host plants. Insertions Into two loci (tms*l and fmxri) In the T H -DNA eliminated virulence 
symptoms on all plants tested, with the exception of*, dbgrtmontoma stems, where sparse root formation 
occurred. Complementation experiments with Ri and Tl puumid T-DNA mutations indicate that the tmt genes 
of the two plasmids serve similar functions and suggest a functional rdatiotiihip between one or more genes of 
the Tl-DNA and the cytokinin synthesis locos our of the Ti plasmid. 



Hairy root disease is caused by the soil bacterium Agro- 
bacterium rhizogenes and is characterized by the extensive 
formation of adventitious roots at or near the site of infec- 
tion. The ability of the bacterium to incite hairy root is 
encoded by a large plasmid called the root-inducing (Ri) 
plasmid (2b\ 41). The rhizogenicity of A. rhl&genes infec- 
tions distinguishes hairy root tumors from the related dis- 
ease, crown gall, which is incited by strains of Agrobac* 
terlm that harbor tumor-inducing (Ti) plasmids. 

The underlying mechanisms for hairy root and crown gall 
tumorigenesis are likely to be very similar. In both cases, a 
portion of the Ri or Tl plasmid, called the T-DNA, is 
transferred to the plant cell, integrated into the host genome, 
and expressed as polyadenylated mRNA (11, 28)* The T« 
DNA regions of two types of Ti plasmids (octopine and 
nopaline types) have been well characterized both geneti- 
cally and physically (11, 28). The genes of the Ti plasmid 
T-DNA direct a variety of newly acquired phenotypic traits 
in the transformed plant cells, including the increased syn- 
thesis of two morphogenic phytohormonei, auxin and 
cytoklnln (2), and the synthesis of tumor-Bpecific compounds 
called opines, Recent evidence has in fact demonstrated that 
the transcript 2 gene (designated tmj-2 here) is directly 
responsible for the production of tbe auxin indole-3-acetic 
acid from indole acetamlde, which presumably is produced 
from tryptophan by the product of the tms-l gene (18, 33). 
The transcript 4 gene (designated tmr here) encodes an 
isopentyl transferase which supplies the intermediary com*- 
pound iSOpentyl-,5'-adenosine monophosphate in the 
cytokinin biosynthetic pathway (1, 3)* 

RI plasmids have been isolated from a variety of strains 
and appear to fall within two classes, the mannoplne and 
agropine types, based on the particular compounds that are 
synthesized by the transformed plant tissue (31); A compar- 
ison of the respective restriction fragment maps indicates 
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that ail agropine-type Ri plasmids examined are very similar 
and quite separate as a group from the mannopine-type 
plasmids (8, 9, 42)* Several regions of DNA which may 
encode similar functions on Ri and Ti plasmids have been 
identified by hybridization studies (17, 24, 44). Both types of 
Ri plasmids share extensive homology with the Ti plasmids 
in the virulence (vtr) region, which Is a region of genes 
required for tumorigenicity and located outside the T-DNA 
(11, 28). The mannoplne- and agropine-type Ri T-DNA 
regions both share sequence homology to the agropine 
synthesis loci of the octopine-type T-DNA and several 
genetically undefined regions of the nopaline-type T-DNA 
(17, 24, 44). The agropine-type Ri plasmids also contain 
homology to the two tms loci which are present In both 
nopaline- and octoplne-type T-DNA (17, 44). No homology 
between Ri plasmid DNA and the tmr locus of the Ti plasmid 
T-DNA has been detected (17 t 24, 44). 

To further our understanding of the molecular basis of 
hairy root tumor induction, we have analyzed the T-DNA 
regions or the agropine-type Ri plasmid pRiA4b. A complete 
restriction map of pRiA4b has been recently constructed, 
and the regions of homology to the nopaline and octopine 
type Ti plasmids have been identified (17). In the present 
study, the portions of the Ri plasmid that were transferred to 
plant cells during tumor formation were determined* These 
T-DNA regions were then subjected to deletion and trans- 
poson mutagenesis to identify the contributions of each 
T-DNA region to the Induction of hairy root disease. The 
results have revealed both an unusual organization of T- 
DNA functions and a novel set of morphogenic loci. A 
comparison of these results with previous studies on the 
T-DNA of Ti plasmids fias afforded a better understanding of 
hairy root disease. 

MATERIALS AND METHODS 

Tumor Hues. Tumor line A4-4a was initiated by stem 
inoculation of Ntcotlana glauca with wild-type A. rhizogenes 
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TABLE 1. Strains and plaimidi 



Strain* and plumidi 


Relevant 

phenotypo or 
genotype* 


Source 


Agrobacttrivm spp. 






R4000 (pKiA4b) 


One* 


Derivative of strain 


Rll5CKpPHUJ) 




A4T(26) 


One". Go' 


RIOOO cured or 






pRJA4b (this 






study) 


AM8(pTiA6NC) 


One* 


(14) 


A2100(pTiA<NC;:NFTl) 


tmsj, Kn r 


(21) 




<pUC4K) 




A32S(pHA6NC::Tn5-J2A) 


fm*-/, Krr" 


(14) 


A338(pTU6NC::Ttt5^) 


tmr, Kn r 


(14) 


R1235(pRiA4b;;Tnir + ) 


Onc\Kn' 


pRiA4b containing 




I LIU J 


Im" DI pi lAPf** 






(this study) 


R1236(pRiA4b 


One* Ki» r 


R1200 witb tmr of 


lOfe.Tmr) 


(Tn5), Cb 1 


ptlA6NC (this 




(TrJ) 


study) 


E.coli 






HB101 


rAf /#* 






pro 




C2110 




(12) 


2174(pPHUI) 


wp/v, 


Obtained from J, 


On r , 


Bertager 




RK2">, 


HB101riftpRK2073) 


IncPl 




TnT 


(25) 


Plasmfds 


Tc r , to, 




pVK102 


(22) 




XCos, 
















pFW3Q2 


Tc\ RK2^, 


H-lltoH<l*0f 


IftCPl 


pRiA4bin 






pVK102(thU 


pPW3i» 




study) 


Tc\Cb\ 


H-UtoH-lBln 




pVK102/pHC79 


ColBltfTnS 




(this study) 




Obtained from 


pUCl? 


CV 


. D. Berg 
Cloning lite of 






mpl9 In pUC8 








pUC4K 




Contain* NPTl 






gem (38) 



' CV, otrbenlelUin rcfliUoce; ACo*, cw lite of £. «rt phap X; On', 
gntuM reeUuince; K^, kanamycin reststence; ayrA, nalidixic told rctitt- 
iftcc. (Origin of msfstaace pot li given In pvvnthetee.) IncPi* pUtmM 
incompitibUlty cluaiflcatlcn; RKT». wtdt-ho»K*ni* NpBcafton origin Of 
pRK2; IV, tetracycline rcswtince. 



A4. Tumor line C5 was initialed on decapitated M tf/atfrti 
withA, rhlzo$enetRlOQO, Explanted tumors were cultured as 
described previously (41). 

' Plant DNA bokattal, fractionation* and hybridization* 

DNA from AT. glauea wag isolated by a modification of the 
procedure of Murray and Thompson (27). Plant DNA was 
digested with the appropriate restriction erizymes at 3 U/jig 
of DNA for 6 to 12 h under the conditions specified by the 
supplier (Bethesda Research Laboratories), The digested 
DNA was fractionated by electrophoresis (2.5 V/cm). Gels 
were washed for 1 h each in 0,5 N Nap*M),8 M NaCI, 0.5 M 
Tris (pH M NaCl, and 20 x SSC (lx SSC is 0J5 M 

NaCl, 0.015 M sodium citrate. pH 7.0) and transferred to 
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nitrocellulose filters (35). Nitrocellulose filters containing 
bound DNA were baked at 80*C tor 2 h and then prehybrid- 
ized at 42°C overnight in 50% formamide-3x SSC-10 mM 
KHjP0 4 (pH 6.5M2.5 mM fcDTA-5x Denhardt 
solution-0.3% sodium dodecyl sutfate-100 u« of denatured, 
sheared salmon sperm DNA per mWfc dextran sulfate. 
Probes were "P labeled by nick translation, denatured by 
boiling, added to the prehybridization solution to give 2 x 
10* cpm/mJ, and incubated at 42*C for 24 to 48 h. The filters 
were washed in 2x SSC-2.5 mM BDTA-O.lfc sodium 
dodecyl sulfate at room temperature for 10 mln and twice at 
65°C for 30 mln and then twice in 0.3 x SSC-2.5 mM 
EDTA-0.1% sodium dodecyl sulfate at 65°C for 30 mln. 
Filters were autoradiographed on Kodak XAR-5 film with a 
Cronex Lightning Plus intensifying screen at -70°C for 2 to 
7 days. 

Reconstruction mixtures were prepared from mixes of 
salmon sperm DttA and pRiA4b pfaimid DNA. The diploid 
molecular weight or the N. glauea genome is 4 x 10 12 (13), 
and the ratio of the molecular weights of the N. glauea 
genome and pRiA4b (1,6 x 10*) is 2.6 x 10 4 . Therefore, 385 
pg of pRlA4b was added to 10 ng of salmon sperm DNA (in 
place of N. glauea DNA) for a one-copy reconstruction 
mixture. 

Bacterial strains and frfatmhfe. Agrobaeterlum spp, and 
Escherichia coil strains and plasmids are listed in Table 1. 
R1000, the parent strain for subsequent mutations in the Ri 
plasmid, contains the 250-kilobase (kb) plasmid from A. 
rhlzogenes A4T (26, 42). R1050(pPHUI) was cured of 
pRiA4b by growth of the strain at high temperature (41). 

Bacterial btedla. Agrobactrrium strains were maintained 
on AB minimal agar (7) supplemented when appropriate with 
100 of kanamycin (Sigma Chemical Co.) per ml, 200 jLg of 
carbenidilin (Gebpen; Pfizer Inc.) per m), or 100 M4 of 
gentamicin (Sigma) per ml, £. coll strains were maintained 
on L agar supplemented when appropriate with 50 pg of 
kanamycin per ml, 50 ^ of carberikfllin per ml* 10 ug of 
tetracycline (Sigma) per ml, or 50 tig of nalidixic acid 
(Sigma) per ml. E. coll and Agrobacterlum spp. mating! 
were performed on nutrient agar (Difco Laboratories). 

Bacterial pJasmld Isolation. The Agrobacterlum spp. plas- 
mid was prepared as previously described (41). £. co// clones 
were screened for plasMids by the rapid isolation procedure 
of Birnboim and Doly (4). Large quantities Of cosmld or 
plasmid DNA were prepared from E. colt by a. scale-up of 
this procedure (300 ml of culture was suspended in 10 ml of 
buffer) add purified by cesium chloride- ethidium bromide 
cehtrlfcgatlon* After extraction of the ethidium bromide, 
plasmid DNA was precipitated directly from the cesium 
chloride by the dropwise addition of 0,360 nil of cold ethanol 
per 0.5 ml of solution (or until cesium chloride began to 
precipitate). 

Molecular dotting. Individual /ff/idlll restriction frag- 
ments of the Rl plasmid T-DNA regions were subcloned 
from cosmid pFW22, pFW41, pFW55, or pFW94 into 
pHC79 (15). The clones were transformed to E, coll HB101. 
Transformers were selected for resistance to carbenicilUn 
and then screened for sensitivity to tetracycline and for 
plasmid content* 

Construction of pFW302 and pFWm The T L -DNA re* 
gion of pftiA4b was recloned from pNW44 (17) by partial 
digestion and ligation into the mobiltzabie* wide*host-range 
cosmid vettor pVK102 (22), The Ugated DNA was packaged 
in vitro (22). Cosmid particles were transduced to £. coli 
C2110* and recombinant clones were selected for resistance 
to tetracycline, (The polA phenotype of C2110 does not 
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FFO, 1, Restriction map showing tb« locations of th« T-DNA regions and the positions of deletion! of pRiA4b. The fragment designations 
for /flndlll (H) and Kpnl (K) are those assigned by Huffman et al. (17). The fragment designations for EcoKl (E) and BamHI (B) are derived 
from the fragment sJxe In kllobeses. The unfilled portions of the bars indicate the approximate ends of the T-DNA regions, The open bars in 
the lower portion show the region of the fti plasmid that is deleted in the strain. Virulence scores on K. dtognmonitana leaves: +, wild-type 
response; t, weak response; a virulent. The eosmfd clones that were used In hybridization experiments and for deletion constructions are 
Indicated by the solid bars at the bottom of the figure. The superscript a'a indicate deletion* and cosmid clones which extend to the right and 
left of the region depicted in toe figure and were not shown In their entirety due to space considerations. 



allow replication of pNW44, which contains the ColEl-typc 
origin of replication.) Prospective clones were first screened 
for kanamycin sensitivity and subsequently characterized by 
restriction endonuciease analysis. The plasmid pFW302, 
which contained the same HMlll fragments of the Ti/DNA 
as contained in pFW94, was obtained by this procedure. 
Plasmid pFW300 also contained the same fragments as 
pFW94 and, in addition to the functions of pVK102» retained 
the gene for carbenicillin resistance from pHC79. The car- 
benicitlin resistance gene provided a useful selective marker 
for introduction of pFWSOO into Agrobaeterium spp, 

Bacterial conjogatlons and transfbrairtoiii, NonmobiUz- 
able cosmida (pFW22 ( pFW94, pFW104, pFW41 T and 
pFW85) were introduced into Agrobaeterium spp* by the 
transformation procedure of Holsters et al* (16). Mobilizable 
plasmids (pFW302 and pFW300) in strain HB101 were 
introduced into Agrobaeterium spp. by triparental mating* 
(12) with the conjugation helper E. colt HB101riflpRK2O?3) 
(25) on nutrient agar at 28 B C overnight. Transconjuganta 
were selected and purified on AB minimal agar (7) containing 
the appropriate antibiotics. Plasmid pPHUI is a self-conjugal 
plasmid and was introduced into Agrobaeterium spp. by 
mating on nutrient agar. 

Deletion mutagenesis. Deletions were constructed from 
partial digests of cosmid clones of the pRiA4b T-DNA 
regions including pFW22, pFW41, pFW72, pFW94 f pFWIM 
(17), and pFW85 (contiguous fragments H-15 to H-4 of 
pRlA4b in pHK17). Large partial digestion fragments were 
fractionated and purified by electroetutlon from agarose. The 
partially digested DNA was ligated to a 10-fold excess of 
phosphatase-treated restriction fragments which contain a 
gene conferring to an appropriate antibiotic resistance (2.5 U 
of calf thymus phosphatase [Boehringer Mannheim 
Blocbemicals] per ug of DNA). ColE3::Tn5» which contains 
the kanamycin resistance gene on a single JV/ndIII fragment 
(20), was used for HindUl deletions; linearized pUC19. 
containing the bla gene for carbenicillin resistance, was used 
for Kpn\ deletions (38): and the single £coRI fragment 
containing the kanamycin resistance gene from pUC4K (38) 
was used for EcoRl deletions. The ligated DNA was pack* 



aged Into phage particles (22) and transduced to £. coll strain 
C2U0, Clones were selected for resistance to tetracycline 
(cosmid vector gene) and the appropriate antibiotic. Clones 
were screened by restriction endomicleaae analysis. The 
desired deletion mutations were introduced into pRlA4b by 
homologous recombination (14 f 32), and the structure of the 
recombinants was verified by DNA hybridization. 

Two strains were prepared by slight modifications of the 
above procedure. The deletion in R1200 was linked to Tni 
(carbenicillin resistance) which had inserted within 0.5 kb of 
the deleted EcoKl fragments (AlOO, Fig. 1). Strain R120S 
was constructed by deletion of the BamHl fragments from 
pFW41::Tn5-PJ, The Tn5 was oriented such that the kana- 
mycin resistance gene ofTrtf remained at the right end of the 
deleted BamHl fragments (A102, Fig. 1). 

TrinspcfifttorJ mutageriesb. Tn5 (kanamycin resistance) 
Insertions were generated in infecting HB1Q1 cells contain- 
ing pFW72 f pFWW, or pFW41 with Tti5 as described by 
Ruvkun and Ausubel (32). Tn3-Hoffol (carbenicillin resist- 
ance) insertions were generated by a triparental mating 
between £. colt C2U0 (poiA) containing pPW302 (TfDNA 
cosmid)* E> coli HB101 containing TtJ-HoHol on pMB8 ( 
and E. colt HB101rif(pRK2073). The details of this proce- 
dure are described separately (Stachel et al., in press). The 
positions of the transposon were determined by restriction 
enzyme analysis with J7mdIII, BamHl, and £c<?RI. The 
insertion mutations were moved to pRiA4b by homologous 
recombination, and the resulting strains were verified by 
restriction analysis and DNA hybridization (14). 

btramctfo) of pTiAtfNC tmr gent* The tmr locus of 
pT!A6NC was cloned on a 6.8-kb Sad fragment from 
pNW34D-M;;TnJ-336 (14) into pUCo (33). The Sail tmr 
fragment was then cloned into the single Xhol site on the 
H*15 fragment of pRiA4b cloned in pHC79. The Sail frag- 
ment, which contained the kanamycin resistance gene from 
Tn5 and the tmr gene, was transferred to pRiA4b (strain 
R1O0O) and a deletion derivative of pRiA4b (strain R1200) by 
homologous recombination. The structures of the resulting 
strains, R1235 and R1236, respectively, were verified by 
hybridization (14). 
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FIG. 2. Southern blot analysis of the T L -DNA of pRiA4b. N. ghuca tumor genomic DNA was fractionated and transferred to 
nitrocellulose. The DNAs for the filter hybridizations shown in At B, C, and D were digested with JftidIM, Kpnl. BamHl, and NlnAlM 
respectively. (A, B, C) Filters were hybridized with w P-labeled pFW94. Lanes: 1, A4-4a tumor DNA; 2, 03 tumor DNA} 3, normal N. glance 
DNA; and 4, one-copy reconstruction in salmon sperm DNA. (D) Strip blots of A4-4a tumor DNA (lanes 1, 3. 5, 7, and 9) and G3 tumor DNA 
(lanes 2, 4, 6> 8, and 10) digested with Hirilll and probed with the following "relabeled pUsmidt: 1 and 2, H-30b; 3 and 4, H-ll; 3 and 6, 
H-16; 7 and 8. H-1B; 9, 10 and U, pFW94, Lane 11 Is a one<opy reconstruction in normal rV. glattca DNA. The positions of the pRlA4b 
restriction fragments are indicated to the left of each autoradiograph. The 8.2-kb HindUl fragment observed in genomic digest of N. glauca 
DNA represents the region of homology to pRiA4b in the N. glauca genome. 



VlruJeDce testa. Agrobacttrium strains were tested for 
virulence on at least four separate Katanchoi diag- 
nmontlana plants (leaves and stems), and at least twice on 
tobacco stems (Nicotiana tabacum var xanthQ, /V. glauca 
stems, and carrot disks {Daucus carota) as described previ- 
ously (41). Carrot disks are orientated such that the basal 
side of the root Is up. All mutants containing pPHUI were 
compared in virulence tests with R1000(pPHlJI) and an Ri 
plasniktaired derivative, R1050(pPHUI). 



RESULTS 

Two T-DNA regions of pRlA4b, Total genomic DNA from 
two N, glauca tumor lines* A4-4& and G5, was used to 
determine which regions of pRiA4b were present in trans- 
formed plant tissue. Genomic DNA was digested with re* 
striction endonuclcasc8, fractionated by gel electrophoresis, 
and transferred to nitrocellulose. The filter-bound tumor 
DNA was then hybridized to individual oosmid clones 
representing the entire pRiA4b plasmid. Three clones with 
overlapping segments of DNA, pFW22, pFW94, and pFW41 
hybridized to DNA from both tumor lines (see Fig. 1 for 
regions covered by clones). All clones from other regions of 
pRiA4b that were used as probes were negative. Hybridiza- 
tion with pFW22 will not be considered further, since the 
hybridization obtained was subsequently found to be limited 
to a region of overlap between pFW22 and pFW94. 

Both tumor lines contained Hln&lll fragments which hy- 
bridized to pFVV94 and which comigrated with fragments 
H-21, H»30a> H-17, and H-32 (Pig, 2A, lanes 1, 2. and 4). The 
identity of these fragments was verified by hybridization 
with individual HlndlU restriction fragments from pRiA4b 
(data not shown). T-DNA in cell line 05 extended into the 
left end of H-ll as Indicated by the presence of the Kpnl 
fragment K-8 (Fig. 2B, lane 2) and the BamHl fragment 
B-10.8 (Fig. 2C, lane 2), and presumably ended within the 



L4-kb BamHl fragment in H-ll, since this small BamHl 
fragment was not detected (Fig. 2C, lane 2)* No homology to 
the H-30b fragment, which is located to the left of H-ll, was 
detected in either GS or A4-4& (Fig. 2D, lanes 1 and 2). The 
A4~4a tumor DNA did not exhibit detectable hybridization to 
an H-ll probe (Fig. 2D, lane 3). Since H-21 was present in 
A44a (Fig. 2A, lane 1), the left end of the A4-4a T-DNA 
either included an undetectable portion of H-ll or extended 
only as far as the Q.bMcb HMlll fragment located between 
H-21 and H-ll. 

The T-DNA of G3 and A4-4a included sequences from the 
right of H-16, but did not contain the entire fragment (Fig* 
2A, lanes 1 and 2), Both tumor lines contained a fragment 
that comigrated with the K-12 fragment (Fig. 2B, lanes 1 and 
2). 05 also contained a fragment that comigrated with the 
H-18 fragment (Fig, 2A, lane 2), but no hybridization was 
detected to this fragment in either tumor line when H-18 was 
used as the probe (Fig* 2D, lanes 7 and 8). As observed in 
earlier studies, homology to DNA from untransformed plant 
tissue was detected In control experiments when pFW94 was 
the probe (Fig. 2, lanes 3A, 3B, and 3C). 

Clone pFW41 overlaps the region of pRiA4b covered by 
pFW94 and includes ttfodlll fragments H-24a to H-3 (Fig. 
1), When tumor DNA was probed with pFW41, the H-15 and 
B-4.0 fragments were found in both tumor lines (Fig. 3A, 
lanes 1 and 2, and Fig. 3C, lanes 1 and 2, respectively). 
Hybridization to tumor DNA was not observed when probed 
with H-7 (Fig. 3D, lanes 1 and 2) or H-24a (data not shown). 
G5 and A4-4a contained only a portion of H-22 as indicated 
by the absence of a fragment of corresponding size in either 
tumor line (Fig. 3D, lanes 3 and 4), thus placing the left 
extreme of this T-DNA region of pR!A4b in H-22. A frag- 
ment corresponding in size to H-3 was not detected in either 
tumor line (Fig. 3A, lanes 1 and 2), and no hybridization was 
detected to the adjacent fragment H-20 (Fig, 3D, lanes 7 and 
8). The extent of the H-3 region of pRiA4b that was 
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FTC. y Sou thorn blot analysis of T r DN A of pRJA4b* V. gtauca genomic DNA was fractionated and transferred to nitrocellulose. Th« 
DNAs for the filter hybridizations shown in A, B, C, and D were digested with fftadlll. Kpnl BamHl, and Hiit&U, respectively. (A, 0, C) 
Filters were bybridired with M P4abeled pFW41. Lanes: 1, A4-4s tumor DNAi 2i 05 tumor DNA; 3, norma) N. gtauca DNA; and 4, one-copy 
reconstruction. (D) Strip blots of A4-4a tumor DNA (lanes 1, 3, 5, 7, and 9) and C5 tumor DNA Oanes 2, 4, 6, 8, and 10) digested with HintUl 
and probed with the following "P-labeled plumids: 1 and 2, H-7; 3 and 4, H-22; 3 and 6, H-3; 7 and 8, H-20; and 9 and 10, pFW41. Lane 11 
is a cot-copy reconstruction. The fragments were all cloned into pHC79, The positions of the pRiA4b restriction fragments are indicated to 
the left of each autoradiography 



transferred and maintained in G5 and A4-4a was not clear 
from the data obtained. The T R -DNA right border in A4-4a 
did not appear to span the K-1.2-K-11 junction since hybrid- 
ization was observed to one single-copy Kpnl fragment (Fig. 
3B, lane 1), nor has the K-1,2 fragment been detected by 
hybridization (data not shown). The right end of the T-DNA 
hi 05 was represented on multiple Kpnl fragments (Fig* 3B, 
lane 2), and a fragment the size of the K-1.2 fragment has 
been observed (data not shown). Therefore, the T-DNA of 
the two tumor lines probably end at different positions in 
H-3. However, a more detailed analysis will be needed to 
determine the junction region. The hybridization to the 
tf/tdlll-digested DNA indicated that the maximum size of 
fragments in 05 having homology with H-3 is 7 kb (Fig* 3D* 
lane 6). 

The regions of pRiA4b that were detected in 05 and A4-4a 
are shown in Fig. 1. Although the exact organization of 
T-DNA in the tumors cannot be determined, these results 
established the two regions of pRiA4b that were transferred 
and maintained in the plant cells. These regions, hereafter 
referred to as the T t -DNA (left T-DNA) and T^DN A (right 
T-DNA) regions, were separated by 16 kb of DNA (H-18, 
H-24a, H-7) that was not detected in the DNA of the 
transformed tumor lines. 

Deletion analysis of T L -DNA and Tt-DNA, To assess the 
contributions of each T-DNA region to virulence, deletions 
within and adjacent to the two T-DNA regions of pRiA4b 
were constructed (Fig. 1). In general, deletions were con- 
structed by removing internal restriction fragments from 
cosmid clones covering the desired Ri plasmid regions by 
complete or partial restriction endonuclease digestion and 
replacing the deleted DNA with a DNA fragment containing 
an antibiotic resistance (Kn r or C\H gene* The deleted clone 
was checked by restriction endonuclease analysis, and the 
deletion was then transferred to the Ri plasmid in 



Agrobacterium spp. by homologous recombination. The 
fidelity of the marker exchange in AgrobacttHum spp. was 
confirmed by hybridization analysis of total bacterial DNA 
with T-DNA region probes. 

A strain harboring pRiA4b induced tumorigenic growth 
that Included extensive root formation on both leaves and 
stems of K. dlagremontiana. Root growth and the slight 
callus growth, which preceded root growth, were confined to 
the wound site (Fig. 4A). In addition, the roots tended to 
curl. Deletions that removed fragments of H-14 and H-13 
(AU0, Fig. 1) to the left of the T L -DNA region or H-ll, 
which is within the left border of the Tt-DNA (Alll, Fig. 1), 
did not affect virulence. Removal of the core Tl-DNA region 
(A100, Fig. 1) altered the response to infection on K. 
d!a$remonttana leaves and stems, but had no effect on the 
response of other test plants (N, giauca, N, tabacum, D. 
catota)> A100 prevented callus and root formation on K* 
diagrtmontlana leaves, whereas on stems, root formation, 
which Is restricted to the wound site in the wild-type 
response, occurred along the stem (Fig. 4B). This root 
formation was accompanied by little or no callus formation 
at the wound site. The roots that did form did not have the 
curled appearance characteristic of roots resulting from 
Infections with wild-type strains. Strains containing dele- 
tions that removed all or a portion of the sequences separat- 
ing Tl-DNA and T R -DNA incited wild-type symptoms, 
provided the deletions did not extend into the core regions of 
either T-DNA (A113 and A114, Fig. 1). A deletion that 
removed the nonintegrated Inter-T-DNA region and frag- 
ment H-16 (A112, Fig. 1), which comprised the right end of 
the Tl-DNA, resulted in a weakened virulence response, 
since fewer roots were consistently observed on K. 
dlcgremotttktHa leaves compared with the wild type strain 
(data not shown). A similar response was seen when H-16 
was deleted (A117, rig. 1). However, in both cases the 
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morphology of the rooting response did not appear to be 
affected, 

Two strains harbored deletions that removed core T R - 
DNA sequence, Including part or all of the region containing 
the homology to the Ti plasmid tm genes. A115 deleted the 
fragments separating the T-DNA regions and the H-22 
fragment from within the Ta-DNA. A102 removed most, if 
not all, of the Tr-DNA. Strains with A113 or A102 did not 
Induce callus or root growth on any of the plants (including 
K. dlagremontiana leaves) tested, with the exception of K. 
diagnmontlann stems, where the mutant strains were still 
capable of inducing sparse root growth from the wound site 
(Pig. 4Q. A similar effect on virulence was observed for 



deletion strains lacking sequences within or near the right 
border of the Tg-DNA, Deletion of K-1.2, K-ll, and adja- 
cent Kpn\ fragments (A 121, Fig, 1) or just the deletion of 
K-1.2 and K-ll (A120, Fig. 1) resulted in strains that were 
avirulent on all plants, with the exception of sparse root 
formation on K, dfagremontiana stems. 

Deletions in either T-DNA alone did not completely 
eliminate root formation on K. diagremontlaita items. The 
root-inductive properties of strains containing only one 
T-DNA region were proven to reside on the remaining 
T-DNA sequences by deleting both T-DNA regions from one 
strain. A strain with both deletions was constructed by 
incorporating deletion A102 into a strain containing A 100. 
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FIG. 3. Positions tftraasposon Insertions and deletions into Tl-DNA and T t -DNA regions of pRiA4b. The position of each insertion is 
indicated by a vertical line. The solid boxes in the upper portion Indicate morphogeny loci (ro/A, rolB, tvtC, rv!D, /w /, and tmrt) and are 
extended to the nearest phenotypicaUy silent huertion. The map region between the T L -DNA and T R -DNA regions was excluded from the 
figure. Deletions are Indicated by the open boxes along with the virulence phenotype as assayed on K* dlagrtmoniiana leaves. The arrow 
designates the petition of the Xhol site in H-13 and where the totr gene was inserted. Restriction eniyme sites: H, A///idIII; K, Kpih E, 
£«jR1; and B, fiamHI, 

This strain (R1240) did not induce root formation on K. diagnmonttana sterna, the Tr-DNA region of pRiA4b was 
dlagrmontlana stems (Fig. 4D). Therefore, both T-DNA essential for hairy root tumorigenesis. 
regions of pRiAdb contained loci that promoted root devei- Insertion analysis of the left ami right T-DNA regions, 
opment. The functions of the Tl-DNA were not required for Transposon insertion mutations and a number of small 
tumorigenesis on most of the host plants, and were essential deletions were introduced into the two T-DNA regions to 
only tor callus and root formation on K* diagrtmontiana identify specific genetic loci involved in tumorigenicity (Fig. 
leaves. On all test plants, with the exception of K. 5). Sixty-one Tn5 and 34 Tn/fotfo insertions were generated 




FIG. 6. Effects of mutations of the T L -DNA roi tod of pRlA4b. Hairy root tumors one month after Inoculation of K. dlagremontiana leaves 
with (A) RIOOOCpPHUI) (wild type), (B) R1022 (Insertion IB, rolA), (C) R1023 (JmertlOA 24, rplB). (0) R1O20 (Insertion 27, weakly virulent, 
no rot locus assigned), (E) R1016 (teseition 30» rvtO, and (F) R1224 (A118, roiDh Refer to Fig, 5 for the positions of the mutations on pRi A4b, 
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in clones covering the Ti-DNA and Tg-DNA region*. These 
insertions were mapped, introduced into pRiA4b in 
Agrobacttrlwn spp„ and tested for the effects of the muta- 
tions qd virulence. Several small deletions were generated in 
vitro and processed in a similar manner, The mutant bacte- 
rial strains were screened initially on K. diagremcntlana 
leaves since this plant was particularly sensitive to alter- 
ations in both T-DNA regions. 

The wild-type symptoms of infection on K. diag- 
rtmontlana leaves involved first a slight formation of callus 
growth, followed by abundant root formation (Fig. 6A>. The 
roots* tendency to curl and the fact that the response was 
restricted to the immediate vicinity of the wound gave the 
tumors a compact appearance. The mutations in the T t - 
DNA defined at least four genetic loci that resulted in variant 
tumor phenotypes and that were given the tentative desig* 
nations of rolA, ro!B t ro/C, and ro\D (root locus; Fig. 5). Six 
strains containing Tn5 insertions in the fight end of H-21 
defined the rolA locus. The roots induced by rolA mutants 
grew straight and away from the plant surface, resulting in an 
extra rooty appearance when compared with the wild-type 
hairy root symptoms (Fig. 6B). To cover regions of H-21 that 
were not mutated by insertion, the entire fragment was 
deleted. The strain with this deletion (A116, Fig. 5) incited 
tumors with phenotypes similar to the rolA insertions. If 
there were additional loci in H-21, then the phenotypes were 
masked by the rolA phenotype. Four strains with Tn5 
insertions whicfi mapped within H-30a {rolB, Fig. 5) resulted 
in an avirulent response on K. dlagrtmontlana leaves (Fig. 
6C). No phenotypically wild-type insertions separated roiA 
from rolB, The roiA locus probably extended into H-30a, 
since an insertion of the fffodUI fragment of Tn5 at the 
H-21-H-30a junction created a strain with the roiA pheno- 
type (insertion 21, Fig. 5). 

Insertions in four strains at a third T-DNA locus, ro\C, 
resulted in attenuated root growth from wound sites on K. 
diagrtmontiana leaves, A slight callus growth occurred at 
the wound site, as would occur in the wild-type infection 
before root emergence, but subsequent root growth was 
retarded (Fig. 6E). Insertions between rolB and roiC did not 
eliminate or attenuate roof growth on K. diagrtmontfona 
leaves. However, several of these strains consistently in- 
duced less callus and root growth on K, dlagrtmontlana 
leaves when compared with Inoculations with wild-type 
strains on the same plant (Fig* 6D). The degree of the 
weakened response varied among the mutantB in this region 
and between inoculations. Another genetic locus might 
therefore lie between rolB and rolC. However, a locus was 
not assigned to this region due to the varied response of the 
different mutants. Alternatively, the insertions may have 
affected the expression of the adjacent loci* 

The rolD locus was defined by two insertions (insertions 
49 and 50, Fig. 5) and two short deletions (A131 and A118, 
F)g. 5) which removed fragments E-1.8a and H-32, respec- 
tively. These mutations resulted In an increased formation of 
callus (Fig. 6F). Root initiation still occurred, but subse- 
quent root growth was retarded. Hie location of rolD is 
somewhat ambiguous. Insertion 50 mapped just within the 
H-16 fragment, indicating that rolD was at the right end of 
H-32 and hist spanned the H-32-H-16 junction. However, 
deletion of H-16 (M17, Fig. 1) did not result in the accentu- 
ated callus formation phenotype, but resulted in an overall 
weakened response as discussed above. An additional 18 
insertions between rolC and rolD and 25 insertions beyond 
rolD were phenotypically wild type. 
Two loci, which by DNA homology appear to correspond 
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to the tms genes of the Ti plasmids, were identified in the 
Tr-DNA by insertion mutagenesis. Mutations in either locus 
resulted in an avirulent phenotype on K> dlagrtmontlana 
leaves, N> gtattca stems, and N. tabacum stems. The two 
strains with tms-i insertions (Insertions 82 and 83; Fig. 5) 
were avirulent on carrot (D, carota) disks, whereas the three 
tms-2 mutants (insertions 78, 79, and 80: Fig. 5) were weakly 
virulent. Mutations in tms-i or tms-2 allowed sparse root 
formation on K. dlagremontlana stems (see response of 
Tr-DNA deletion, Fig, 4C). One Insertion with a wild-type 
phenotype separated the tms loci (Insertion 81, Fig. 5). 
Twelve Tn5 insertions and one short deletion (A140, Fig. 5) 
within a 7-kb region to the right of tms-t resulted in wild-type 
responses. 

Complementation of Ri and TI T-DNA genet* The mutagen- 
esis of the T R -DNA region of the Ri plasmid along with the 
earlier homology studies suggested that this region most 
likely contains functional hornologs to tms*I and tms-2. A 
direct comparison of these genes was made by complement- 
ing the functions of mutated copies with the wild-type copies 
In the respective Ri or Ti plasmid. Complementation of the 
tms genes was tested by coinoculating plants with a mixture 
of two strains, each containing mutations in its respective Rl 
or Ti tms genes. This approach has been demonstrated to be 
an effective test of complementation in several studies (18, 
30). Mutations in tms*I or tms-2 in either pRJA4b or 
pTiA6NC, respectively, resulted In weak tumor responses 
on K. diagremontkna stems and leaves (Fig. 7A and B, 
respectively). A mixed infection with an Ri tms-i mutant 
(R1149) and a Ti tms-2 mutant (A2100) or with an Ri tmsr2 
mutant (R1132) and a Ti tms-t mutant (A328) resulted in a 
strong tumor response (Fig. 7Q. A mixed infection with 
strains carrying Ri and Ti plasmids each with an insertion In 
the tms-2 gene and each with an insertion In the tms- 1 gene, 
respectively, produced only a weak response on K, 
dlagrtmonttana stems and leaves (Table 2). 

There were no data suggesting a structural relationship 
between the genes of the Ri plasmid T L -DN A loci and any 
known Ti plasmid T-DNA loci. However, the Ri T L -DNA 
could functionally complement a mutation In the tmr locus of 
pTSA6NC. The complementation was performed after the 
interesting observation was made that the T L -DNA deletion 
in pRiA4b (A100, Fig. 1) caused a tumor phenotype that was 
similar to the tumor phenotype of a Ti plasmid tmr mutant 
strain ( A338). Both R1200 and A338 induced little observable 
tissue growth on K, dlagrtmontlana leaves and caused stem 
wound responses that were Indistinguishable from each 
other (Fig. 7D and B, respectively). The ability to form 
tumors on K, dlagrtmontlana leaves and stems was restored 
to A338 when it was colnoculated with strain R1205 (A102, 
Fig.l), which contained an intact Ri T L -DNA, but not with 
R120Q UUOO, Fig. 1), which was deleted for the T L -DNA 
region (Table 2). When the Ri plasmid T L -DNA was pro- 
vided directly in A338 in a trans configuration on clone 
pFW300, the resulting strain was tumorigenlc. Root Initia- 
tion along the stem was inhibited, and callus unaccompanied 
by roots formed at the wound site (Fig. 7F). Tumor forma- 
tion was also restored on K. dlagrtmontlana leaves (Table 
2). 

In the reverse experiment, the tmr gene was introduced 
into the Ri plasmid (arrow, Fig. 5). Root formation on K. 
dlagremontlana stems caused by R1200 (A100, Fig. 1) was 
Inhibited (response similar to phenotype shown in fig, 7F), 
and tumor formation on K. dlagrtmontlana leaves was 
restored. However, in this case the callus growths produced 
numerous shoots similar to the teratoma phenotype obtained 
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FIG. i> Comparison of RJ and Tl pJasinid T-DNA loci. Tumore 45 days ifter Inoculation of K, diagrtmontlana itenu with the following 
strains or mixture of strains (relevant mutation described In parentheses): (A) R1149 (Ri tms-i), (B) A2100 <n rmrf), (ORlM9aftd A2100, 
(CO R1200 (pRiA4b T L -DNA deletion), (B) A338 HI fmr), and (F) A338(pFW30O). Cosmld pPW300 contains the entire T L -DNA region of 
pRlA4b. The sources of the strains are listed In Table 2. 



with some Ti plasmid-containing strains (Fig. 8A). Interest- 
ingly, when the Ri plasrnid T L -DNA was left intact and the 
tmr locus was added, tumors resulted that produced both 
leaves and roots, a phenotype not previously observed in 
either wild-type or mutant strains of Agrobacttrium (Fig. 
SB). 

DISCUSSION 

This study has identified T-DNA components of pRiA4b 
involved in hairy root tumorigenetfs. The results also dem- 
onstrate an interesting feature of pRiA4b. In contrast to Ti 
pJaimlds, where the oncogenic genes are tightly linked (14, 
18), the morphogenic functions of pRiA4b are divided be- 
tween two widely separated T-DNA regions. These regions 
each cover at least 15 kb of pRiA4b and are separated from 
each other by approximately 16 kb of nonintegraied DNA. 

The reason for the T-DNA organization of pRiA4b is 
unknown, but the arrangement probably reflects the evolu- 
tionary history of the plasrnid. The wide-host-range 
octopine-type Ti plasrnid pTiA6NC also contains a second 
T-DNA (36) which encodes the genes for mannopine and 
agroplne synthesis (10), and two T-DNA regions have re- 
cently been found in lirnited-host-range Ti plasmids (5, 45), 
One possibility is that regions of T* DNA reflect adaptations 
to particular host plants, and multiple T-DNA regions may 
reflect further adaption to new hosts by combining individual 
T-DNA regions in one strain. 

The deletions of the Ri T-DNA border regions suggest that 



each region may be bounded by sequences found in Ti 
plasrnid T-DNA regions, which recent evidence indicates 
play critical roles in the efficient transfer or integration of the 
T-DNA to the plant genome (34, 39). Deletion of the right 
border of either Ri plasrnid T»DN A region appears to affect 
virulence, Deletions of the right side of the Tr-DNA region 
have particularly dramatic effects. Such mutations have the 
same effect as removing the tms loci and are a virulent on all 
plants, with the exception of sparse root formation on K. 
diagrtmontlana stems, Similar effects are observed when 
the right border of the nopaJinc-type and octopine-type 
T-DNA is deleted (19, 23), The deletion of the Ri T L -DNA 
appears to be less severe on oncogenesis than the Tr-DNA 
deletions. The deletions probably affect the rolD locus, but 
they do not have simply the roiO phenotype. It is possible 
that these strains incite a weakened response. due to a 
combination of a rolD mutation and reduced transfer of the 
T L -DNA sequences, which is perhaps mediated by the 
T R -DNA right border. Deletions of the left. border region of 
the Tl-DNA have no apparent affect on oncogenesis, 

Hie T R .DNA Is the T-DNA component of pRiA4b most 
comparable to the T-DNA of Ti plasmids. Homology, mu- 
tagenesis, and complementation experiments all Indicate 
that the two morphogenic loci of the T R -DNA correspond to 
the tms loci of the Ti plasmids, and that the tms genes play 
critical rotes in hairy root tumorigeitesis. The tumorous 
growth of plant cells after Ti plasrnid transformation results 
from the increased synthesis of auxin and cytokinin directed 
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TABLE 2. Comparison of Ri and Ti ptasmid T-DNA functions 

Virubuce on K> 

Strain (refevutt linotype or phenotype) dhgnmonttmr 
Leivca Si«mj 

+ 

± 

± 
± 
± 
± 
+ 
+ 
± 
±* 
±* 
±» 
+ 

+^ 

"ViroteflM icores tadfcst* readily dbeenrfble plant tnsue growth: + , 
extensive eallui or mot growth iron wound; *, ipaneealhu or root growth; 
little or no eiihu or n»t growttL 

* Batvsilve root formation atoag sum. 
r TUffion with t hoots ud roots. 

* Tumort wfth ibooti. 



by the product! of the T-DNA tms-1, tms-2 t and tmr genes, 
respectively (1, 3, 33). Mutations in the tms genes of the H 
plasmid do not eliminate tumorigenic symptoms on moat 
plants, although the mutations do alter considerably the 
morphology of the tumors (14, 19, 29). The tissue prolifera- 
tion of the 11 plasmid tms mutants Is attributable to the tmr 
gone, and only upon in&ctlvatlon of both tms and tmr genes 
does a strain cause little or no tissue proliferation (28). The 
tms genes of the T R -DNA of pRiA4b are likely also to 
provide for auxin synthesis In hairy root tumors, although 
we have not tested this directly. Removal or Inactivatkm of 
either RI tms gene has a drastic effect on virulence, rendering 
the strain essentially avirulent on most plants tested in this 
study. For these plants, root proliferation (and callus growth 
in the case of N. glauca) appears to be primarily due to the 
action of the tms genes « and in these circumstances, the Ri 
plasmid functions in a manner similar to a Ti plasmid 
containing a mutation in the tmr gene. 

The T L -DNA region is perhaps the most interesting region 
of the RI plasmid. We nave previously reported that this 
region shares homology with sequences already present in 
the uninfected N. ghuca genome (40). The lack of homology 
within the (bur loci identified In this study to any Ti plasmid 
T-DNA genes (17) now suggests that the Ri Tl-DNA con- 
tains a novel set of morphogenlc genes (although compari- 
sons of homology at the level of the amino add sequence 
await DNA sequencing data). The four T L -DNA loci were 
assigned on the basis of the mutant phenotypes, Whether all 
of these loci are, in fact, separate genetic loci remains to be 
determined. In particular, rolA and rolB are not separated by 
phenotypieally silent transposon insertions. Thus, we cannot 
exclude the possibility that the different phenotypk effects 
of mutations at rolA and rolB are the result of insertions into 
different regions of a single locus. Alternatively, more than 
one transcript may be encoded at any of the loci, as was 
found for the original tms mutations of the Ti plasmid (14), 
However, transcription studies have only associated one 
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transcript with each locus <B, Taylor, Ph.D. thesis, Univer- 
sity of Washington, 1984). 

Costamino et al. (9) have determined that at least one 
T-DNA segment is maintained In N. tabacum transformed 
with the agropine-type Ri plasmid pRil855. This T-DNA 
corresponds to the T L *DNA of our study. We have detected 
an additional T-DNA region which, by a comparison of the 
restriction maps of the two plasmids, is also present on 
pR11655. The possibility exists that some portion of Tr-DNA 
may also be found In these trangformants, since their anal- 
ysis did not extend into the Tr-DNA region. Costantino et al. 
(9) also reported that several of their tranaformants synthe- 
sized agropine. Genes involved in agropine synthesis (ag$) 
are likely to be located in the Tr-DNA, since this is where 
the homology to the Ti plasmid ags genes is located (17). 
Recent evidence suggests that at least portions of the Ri 
Tr-DNA are present in regenerated transformed carrot 
plants (10). A single T-DNA region has been reported for the 
mannopine type Ri plasmid (6), Homology data suggest that, 
although mannoplne-type T-DNA shares regions of homol- 
ogy with agropine type T L -DNA, the two T-DNA regions, 
and the entire plasmids are quite different (24). 

Plants that are regenerated from A. rhizogenes infections 
often have distinct root, flower, stem, and leaf morphologi- 
cal phenotypes (36). The morphological variations may be 
attributable to the genes of either T-DNA region. The 
presence and expression of the tms genes in differentiated 
plants is likely to affect root (19) and shoot (5) morphology. 
The morphogenlc effects of the T L -DNA were visibly appar* 
ent only with inoculations on £. diagrcmortifona. However, 
expression of the T L -DNA genes may cause morphogenlc 
abnormalities in regenerated plants that are not detectable In 
stem or leaf tumors. The loss of morphological variations in 
regenerated plants due to mutations In the T L *DNA would 
not have been detected in the virulence assays performed in 
this study. In fact, preliminary evidence suggests that some 
features of regenerated plants are due to the presence and 
expression of genes in the Ri T L -DNA (B, H. Taylor and 
F. F. White, unpublished results). 

The genes of the Ri T L -DNA and several genes in the Ti 
plasmid T-DNA regions have phenotypic effects on 
tumorigenesls, but have yet to be identified with biochemical 
functions, The Ri plasmid Tl-DNA is necessary for 
tumorigenesiB on K. dlagremontlana leaves, a phenotype 
which is also associated with the tmr gene of Ti plasmids. 
Strains with TfDNA deletions behave strikingly similarly to 
Ti plasmid tmr mutants on K. dlagremcntiana stems and 
leaves, In addition, the loss of virulence symptoms on K, 
diagremontiana leaves by a tmr mutation can be restored by 
the introduction of the Ri plasmid Tl-DNA region. By 
analogy to tmr, which is involved in the biosynthetic path- 
way for cytokinin (1, 3), the genes of the T^DNA may be 
involved in the synthesis or regulation of substances with 
cytpkinin-like effects. Although cytokines are known to 
inhibit root development, these results suggest that either a 
particular type of cytokinin or low levels of cytokinin may 
stimulate root development. The stimulation of lateral root 
formation by low levels of exogenousiy supplied cytoWnlna 
has been reported (37, 43). 

Biochemical analysis of the alterations in the levels of 
phytohormones of plants transformed with pRlA4b is the 
next step toward an understanding of hairy root 
tumorigenesls. Correlation of the mutations in the Ri plasmid 
T-DNA and changes in the biochemical events of the plant 
also promises to provide considerable insight into the normal 
process of plant root development. 



RIOOp (wild-type hairy root) + 

A348 (wild-type crown gall) + 
RU32 (Ri plasmid tt***l) 
R1149 (RI plasmid tm*2) 

A3?8 (Ti plasmid tms-I) ± 

A2100Oipk»mid lttt*4) * 

R1132 + A328 ± 

R1149 + A2100 * 

R1132 + A2100 + 

R1149 + A328 + 
R1205 (Ri tms-I and tm*-2 deletion) 
R1200 (Ri Tl-DNA deletion) 
A33S (Ti tmr) 
R1200 t A338 

R12QS + A338 + 

A338(pFW300) (TI tmr + Ri Tl-DNA) + 

R1233 (pRIA4biJ/mr + ) +* 

R)236(pRiA4blu0i;/mr+) +' 
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, ^9:. 8, ^rtjon of the pTlA6NC tmr locus into pRi A4b, Tumors 2 month? after Inoculation of K. dtagnmontiana leaves with (A) R1236 
(pRiA4b with insertion of tmr and deletion of T L -DNA); (B) R1235 (wild-type pfti A4b whh Insertion of fmr), Note the presence of roots In 
inoculations of leavei with R1235 (arrow) and the absence of roots in inoculations with R1236. 
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